Cyclic AMP accumulation in human colon adenocarcinoma cells in culture (HT-29) is known to be particularly sensitive to the stimulating action of vasoactive intestinal peptide (VIP). This property was exploited as a means of investigating the possible role of VIP as a humoral mediator in the watery diarrhoea syndrome. Our results showed that plasma from two patients with watery diarrhoea syndrome associated with ganglioneuroblastoma and pheochromocytoma strongly stimulated cyclic AMP accumulation in HT-29 cells, whereas plasma from normal subjects and patients with other diarrhoeal disorders had no effect. The stimulation induced by serial dilutions of plasma from patients paralleled the VIP-induced response. Preincubation of these plasmas with specific anti-VIP antibody prevented their stimulatory effects. 
The watery diarrhoea syndrome, as first described by Verner and Morrison1 is characterised by a refractory severe watery diarrhoea with hypokalaemia and achlorhydria, and is associated with tumours of the pancreas. Subsequently, reports from other workers2 3 showed that several types of tumours were involved and that vasoactive intestinal peptide (VIP) was the humoral mediator responsible for this syndrome. VIP was thought to be involved because immunoreactive VIP-like material was detected in plasma and in tumours from patients with the watery diarrhoea syndrome. A controversy surrounds this hypothesis.4-6 VIP nonetheless remains a good candidate as the humoral mediator in the watery diarrhoea syndrome, as it is a highly potent stimulator of intestinal fluid and electrolytes secretion by the intestine7-9 and is the sole peptide known to possess high affinity receptors Blood was collected in a syringe rinsed with heparin, containing kallikrein inhibitor (500 KIU/ml of blood) and immediately centrifuged at 4°C.
Plasma were stored at -20°C until the time of assay.
EXTRACTION OF VIP FROM TUMOUR
The ganglioneuroblastoma from patient LE was resected, the tumour boiled immediately for three minutes in water and VIP extracted according to our usual method.'8
RADIOIMMUNOASSAY OF VIP
The concentration of VIP in the tumour was assessed by a radioimmunoassay developed in our laboratory.'9 This assay is highly specific: there is no cross-reaction with glucagon and gastric inhibitory polypeptide and secretin exhibits only 1/300 crossreactivity. The antibody used recognises the VIP that is present in the peripherall' and central20 nervous system, but does not take into account the VIP-like substance that has been described in endocrine cells of intestinal epithelium.2' Indeed, VIP was undectable in acidic extracts of epithelial cells isolated from rat'9 and human22 intestine when the ZO antibody was used in the radioimmunoassay. The values obtained with serial dilutions of the tumour extract were superimposable with the standard curve obtained with porcine VIP, thus enabling the VIP content of the tumour extract to e expressed as porcine VIP equivalent.
BIOASSAY OF VIP
Plasma and tumour extracts were tested for their ability to stimulate cyclic AMP accumulation in a human colon adenocarcinoma cell line in culture, HT-29. This cell line was established by Fogh and Trempe23 and had previously been shown to have a cyclic AMP system which would respond to VIP at concentrations as low as 3 X 10-12 M VIP.'5 The incubation procedure has been detailed elsewhere.15 Cells (106/ml) were incubated for 30 minutes at 15°C in Krebs Ringer phosphate buffer, pH 7.5 containing 2% (w/v) bovine serum albumin and 0-2 mM 3-isobutyl-1-methylxanthine. Cyclic AMP was measured in cells plus medium by a radioimmunoassay procedure.'5 We tested whether VIP was responsible for the plasma-induced stimulation of cyclic AMP production by employing a specific anti-VIP antibody.19 Plasmas were tested either alone or after a 12 hour-exposure at 4°C to excess antibody ZOthat is, at the final dilution of 1/40. Exposure of plasma from patients BL and LE, or porcine VIP to the same dilution of normal rabbit serum did not abolish their stimulating effect. (Fig. 1) . A similar preincubation of standard VIP with anti-VIP antiserum likewise suppressed the stimulation induced by the standard (Fig. 1) . Serial sampling of plasma during the follow-up of patients showed that there was a close correlation between the occurrence of clinical signs-that is, diarrhoea and hypokalaemia-and the stimulating effect of plasma on cyclic AMP accumulation in HT-29 cells (Table) . Indeed, for both patients the arrest of diarrhoea after surgery was associated with the absence of any stimulating effect of their plasmas. It is noteworthy that the spontaneous arrest of diarrhoea that occurred before surgery in patient LE was also associated with a lack of stimulation. If it is assumed that VIP is the sole molecule responsible for the stimulation (Fig. 1 
Discussion
The nature of the humoral mediator responsible for the diarrhoea in the watery diarrhoea syndrome had remained controversial up till now.4-f A role of VIP in this disease had been initially suggested from radioimmunological measurements: high levels of VIP were found in the plasma.23 However, (Fig. 1) , thus suggesting that the substance responsible for the effect was VIP. Additional evidence for the involvement of VIP was provided by the measurement of identical amounts of VIP in the tumour extract using either a specific radioimmunoassay or the ability of the extract to stimulate cyclic AMP production in HT-29 cells (Fig. 2) .
The transformed cell line HT-29 was found to be highly suitable for these studies. The marked cyclic AMP response of HT-29 cells to VIP', constituted the basis for a highly sensitive bioassay for VIP and enabled the detection of the peptide in plasmas diluted as much as 40-fold (Fig. 1) . One could, of course, question whether physiological conclusions can be drawn from studies performed with a mutant cell line. We know, however, that the affinity and the specificity of VIP receptors in HT-29 cells and in normal intestinal epithelial cells are identical." Furthermore, we have recently been able to confirm that the plasma used in this study also evoked a significant cyclic AMP response in epithelial cells from normal human intestine:22 the response was lower than in HT-29 cells. If one accepts that cyclic AMP is involved in the secretory response of the intestine,2425 one can reasonably propose that the plasma from patients with the watery diarrhoea syndrome induces the accumulation of cyclic AMP in their intestinal epithelial cells and that this represents the initial event in the manifestation of the watery diarrhoea.
Both immunological and biological criteria thus led us to conclude that VIP is probably a mediator of the watery diarrhoea syndrome, at any rate in the two cases investigated. This does not, however, 
